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(54) IMetliode for fabricating flat fluorescent lamp 

(57) A method for manufacturing a flat fluorescent 
lamp is provided. The method involves: preparing a 
transparent front ptate; preparing a transparent back 
plate facing the front ptate, the back ptate having a plu- 
rality of discharging electrodes thereon and a dielectric 



layer covering the discharging electrodes; forming a plu- 
rality of spacers between the front plate and the back 
plate to keep a separation gap therebetween; and form- 
ing a fluorescent layer by spraying phosphor slurry on 
one surface of at least one of the front plate and the back 
plate. 
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Description 

[0001] The present invention relates to a method for manufacturing a flat fluorescent lamp, and more particularly, to 
a method for manufacturing a flat fluorescent lamp in which formation of a fluorescent layer is more efficient. 
[0002] Flat panel displays are roughly divided into a light emitting type such as cathode ray tubes (CRTs), electro- 
luminescent (EL) devices, plasma display panels (PDPs). and a light receiving type such as liquid crystal displays 
(LCDs). LCDs need an additional light source, for example a backlight, to display images because liquid crystal itself 
cannot emit light. 

[0003] A typical back lighting arrangement for LCDs employs cold cathode fluorescent lamps (CCFLs) or flat fluo- 
rescent lamps with a fluorescent layer deposited on a plate. The back lighting arrangement of CCFLs is also divided 
into an edge-light type in which CCFLs are stacked at sides of the lamp and light from the CCFLs are guided to entire 
lamp surface by a light guiding plate, and a direct-light type in which CCFLs are placed directly under the front plate 
of the back light. 

[0004] A CCFL is constructed by connecting a plurality of fluorescent lamps in parallel on a plate and is operated 
with the application of altemating current (AC) voltage. The plurality of fluorescent lamps need separate connections 
to a power source for selective emission to display a particular image. Edge-light type CCFLs are incompatible with 
large-sized panels because light is emitted from only one edge therein. For these reasons, the need for LCD back 
lighting with flat fluorescent lamps is increasing. 

[0005] FIG. 1 is a perspective view showing the structure of a conventional flat fluorescent lamp. Referring to FIG. 

I , the conventional flat fluorescent lamp includes a front plate 11 and a back plate 12 arranged to face the front plate 

II. A fluorescent layer 13 is deposited on the bottom of the front plate 11. A series of discharging electrodes are 
arranged on the top of the back plate 12 with a predetermined separation gap, and a dielectric layer 15 is formed 
covering the discharging electrodes 1 4. A reflective layer 1 6 is formed on the dielectric layer 1 5, and another fluorescent 
layer 1 8 is formed on the reflective layer 1 6. In addition, the conventional flat fluorescent lamp includes spacers (not 
shown) providing a gap between the front plate 11 and the back plate 12 and a discharge gas injected into a sealed 
space between the front plate 12 and the back plate 12. 

[0006] In the conventional flat fluorescent lamp having the configuration described above, as power is applied to the 
discharging electrodes 14, the LCD screen is Irradiated with light generated by exciting the fluorescent layers 13 and 
18 with ultraviolet (UV) light generated by discharge gas. In particular, the fluorescent layer 18 formed on the back 
plate 12 of the flat fluorescent lamp not only serves to convert the UV light generated through gas discharge into visible 
light but also prevents luminance loss by blocking visible light transmission through the bottom of the back plate 12. 
The fluorescent layer 18 formed on the back plate 12 of the flat fluorescent lamp should be as thick as 100-1 20 <I>m. 
[0007] A screen printing method is widely used as a fluorescent layer formation method for the conventional flat 
fluorescent lamp. A single screen printing produces a layer having a thickness of 7-10 4>m that is not thick enough as 
a fluorescent layer for the flat fluorescent lamp. As another drawback of the screen printing method, application of the 
screen printing method is limited to only a uniform print surface or a particular pattern. In general, formation of the 
florescent layer 18 on the back substrate 12 follows spacer fonnation. Therefore, there is a difficulty in applying the 
screen printing method to form a fluorescent layer covering protruding spacers on a back plate. 
[0008] In the screen printing method, phosphor to be deposited on a plate is prepared as paste mixed with a large 
amount of an organic binder. Here, the large amount of the organic binder may cause a problem of outgassing because 
it remains after packaging of the display device. 

[0009] As another approach to forming a fluorescent layer, U.S. Patent No. 5.509,841 discloses flowing of sluny 
from one end of a plate with partitioned paths. However, this method is not suitable to form a uniform, thick fluorescent 
layer on a larger plate. 

[0010] According to the present invention, there is provided a method for manufacturing a flat fluorescent lamp, the 
method comprising: preparing a transparent front plate; preparing a transparent back plate facing the front plate, the 
back plate having a plurality of discharging electrodes thereon and a dielectric layer covering the discharging electrodes; 
forming a plurality of spacers between the front plate and the back plate to keep a separation gap therebetween; and 
fomriing a fluorescent layer by spraying phosphor slurry on one surface of at least one of the front plate and the back 
plate. 

[001 1 ] The present invention provides a method for manufacturing a flat fluorescent lamp in which a fluorescent layer 
can be formed to a sufficient thickness with easy thickness control, and phosphor can be deposited with less organic 
binder. 

[0012] It is preferable that the phosphor slurry contains 40-60 % by weight phosphor based on the total weight of 
the phosphor slurry. If the content of the phosphor is less than 40 % by weight, a longer spraying time is required to 
obtain a fluorescent layer having a target thickness, and the phosphor slurry has a low viscosity, thereby causing a 
slurry flow off of the plate. In other words, efficient formation of a thick fluorescent layer is difficult. In contrast, if the 
content of the phosphor exceeds 60 % by weight, it is not easy to supply the phosphor slurry through a pipeline into a 
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spray equipment due to increased viscosity of the phosphor slurry. 

[0013] It is preferable that the phosphor slurry contains 1 -5% by weight an organic binder based on the total weight 
of the phosphor slurry. If the content of the organic binder is less than 1% by weight, adhesion of the phosphor to the 
plate is reduced, tf the content of the organic binder exceeds 5% by weight, a problem of outgassing would occur as 

5 a result of organic binder remaining after device packaging. 

[0014] Preferably, the organic binder comprises at least one solvent selected from the group consisting of ethytcel- 
lulose and nitrocellulose. Preferably, the solvent comprises at least one selected from the group consisting of ethanol, 
terpineol, and 2-(2-butoxyethoxy)ethylacetate (BCA). Preferably, a mixture of ethanol and terpineol used as the solvent 
has a mixing ratio of 3:1 by weight. 

10 [001 5] The above object and advantages of the present invention will become more apparent by describing in detail 
preferred embodiments thereof with reference to the attached drawings in which: 

FIG. 1 is a perspective view showing the structure of a conventional flat fluorescent lamp; 
FIG. 2 is a photo of a back plate with spacers before being subjected to phosphor slurry spray in Example according 
15 to the present invention; and 

FIG. 3 is a photo of the back plate with spaces of FIG. 2 after phosphor slurry spraying in Example according to 
the present invention. 

[0016] A method for manufacturing a flat fluorescent lamp according to the present invention will be described in 
20 greater detail by means of the following example. The following example is for illustrative purposes and is not intended 
to limit the scope of the invention. 

Example 

25 [001 7] A phosphor slurry was prepared by mixing 50 g of white phosphor, a mixture of red phosphor, green phosphor, 
and blue phosphor, 100 g of a solvent mixture containing ethanol and V*terpineol in a weight ratio of 3:1 , and 4 g of 
ethylcellulose (EC) in a mixer. 

[0018] A back plate with discharge electrodes, a dielectric layer, and spacers were prepared. A spray gun was in- 
stalled 1 m above the center of the back plate. The prepared phosphor slurry was supplied into the spray equipment 
30 at 40EC through a pipeline and sprayed over the back plate to form a fluorescent layer. 

[0019] Table 1 shows the results of measuring the thickness of the fluorescent layer at four edges (indicated by Sites 
1,2,3, and 4 in Table 1 ) and the center (indicated by Site 5) with respect to spraying time. 



Table 1 
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Spraying Time (sec) 


Thickness of Fluorescent Layer (Om) 


Site 1 


Site 2 


Site 3 


Site 4 


Sites 


200 


48 


40 


67 


43 


61 


400 


90 


91 


100 


100 


120 



[0020] As shown in Table 1 , according to the present invention, the thickness of the fluorescent layer can easily be 
controlled to be thick enough for use in a flat fluorescent lamp by adjusting spraying time. 

[0021] Table 2 comparatively shows the luminance characteristic of a fluorescent layer formed by the conventional 
screen printing method and the fluorescent layer of the above Example formed by the spraying method according to 
the present invention. 



Table 2 
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Method 


Color Coordinate. CIE (x, y) 


Luminance Reduction 
Ratio 






Before Fluorescent Layer 
Formation 


After Fluorescent Layer 
Formation 




55 


Screen Print 
(Conventional) 


(0.29, 0.34) 


(0.30, 0.38) 


7% 




Spray (Present Invention) 


(0.29. 0.34) 


(0.28, 0.35) 


2% 
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[0022] As shown in Table, 1, when a fluorescent layer is formed by the conventional screen printing method, the 
luminance of a display device is reduced by 7% after the deposition of the fluorescent layer. In contrast, the spraying 
method according to the present invention leads to a luminance reduction of no more than 2%. This smaller luminance 
reduction is considered as a result of use of a small amount of organic binder. The properties of the fluorescent layer 

5 such as color coordinate and luminance are less affected by decomposition of the organic binder during sintering. 
[0023] FIGS. 2 and 3 are actual size and twofold size photos of the back plate with spacers of the above Example 
before and after being sprayed with phosphor slurry, respectively. As shown in FIGS. 2 and 3, the fluorescent layer 
can be deposited on the back plate by the spray method according to the present invention even with protruding spacers. 
[0024] As described above, the method for manufacturing a flat fluorescent lamp according to the present invention 

10 enables easy thickness control of a fluorescent layer through adjustment of phosphor slurry spraying time. Therefore, 
a 100 Om or thicker fluorescent layer can easily be fomned by the method according to the present invention. The 
present inventbn advantageously has wide applications Irrespective of the structure or surface unevenness of plates. 
In addition, the method according to the present invention uses less organic binder in a phosphor slurry compared to 
the screen printing method, emd thus sintering of the fluorescent layer, which is usually performed before device pack- 

15 aging, is unnecessary, thereby simplifying the manufacturing process and reducing the problem of outgassing. 

[0025] While this invention has been particularly shown and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the invention as defined by the appended claims. 

20 

Claims 

1. A method for manufacturing a flat fluorescent lamp, the method comprising: 

25 preparing a transparent front plate; 

preparing a transparent back plate facing the front plate, the back plate having a plurality of discharging elec- 
trodes thereon and a dielectric layer covering the discharging electrodes; 

forming a plurality of spacers between the front plate and the back plate to keep a separation gap therebetween; 
and 

30 forming a fluorescent layer by spraying phosphor slurry on one surface of at least one of the front plate and 

the back plate. 

2. The method of claim 1 , wherein the phosphor slurry contains 40-60 % by weight phosphor based on the total 
weight of the phosphor slurry. 

35 

3. The method of claim 1 or 2, wherein the phosphor slurry contains 1-5% by weight of organic binder based on the 
total weight of the phosphor slurry. 

4. The method of claim 3, wherein the organic binder comprises at least one selected from the group consisting of 
40 ethylcellulose and nitrocellulose. 

5. The method of any preceding claim, wherein the phosphor slurry comprises at least one solvent selected from the 
group consisting of ethanol, terpineol, and 2-(2-butoxyethoxy)ethylacetate (BCA). 

45 6. The method of claim 5, wherein a mixture of ethanol and terpineol used as the solvent has a mixing ratio of 3:1 
by weight. 
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FIG. 1 (PRIOR ART) 
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FIG. 2 




FIG. 3 
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